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METHOD OF MANUFACTURING THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent the increase in 
operating current and voltage caused by diffusion of Zn 
in thermal annealing for forming a window region. 

SOLUTION: The semiconductor laser device has an 
n-type clad layer 101, quantum well active layer 102, 
n-type clad layer 103, and p type cap layer 107 on a 
semiconductor substrate 100. The laser device also 
includes a resonator whose end face is vertical to each 
semiconductor layer. The window region has a larger 
band gap in the active layer near the end face of the 
resonator than that of the active layer inside the 
resonator. In a p-type clad layer 103W in the window 
region, a first dopant and a second dopant having a 
larger diffusion constant than the first one are mixed. 
In a p-type clad layer 103A of the active region outside 
the window region, the first dopant is more heavily 
doped than the second dopant. In a p-type cap layer 
107W of the window region, the second dopant is more 
heavily doped than the first one. 
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(57) ism (tfEW) 

[Ml WMtt»W**T=-rf'C*M' v C. Zn 

10 1. ft*#FSttl 10 2. pl^'/KilO 
3. pfi**y:T110 7**U 

9Wt#HWW**U «««©pffl^9yK«lO 
3WKI4SI1 K-'<vh£JKl K-'<vhJ:!J*fcllHe* 

m%Wp$lt 7 y Kll 0 3 AKI*3S 1 K-/<v M s 3& 
2 M> h <fc 9 «|»:«Et8 ! W(H'-^. 
ifc. MWW>pffl*+y7Jli0 7Wfc*irtaJI2K 




Bfl 200 1 -25 1 0 1 5 (P200 1 -25 1 0 1 5 A) 



[IS**1 ] *#ftg«±K. nS? 7 y K®, ffitt 
®, pS^s'KS, pIi*-ry:/®£*rU 

$®£i#<o P M9 y.y K® KlifS 1 K-'O h t * l K 
h*-/<v h jjtfp 2 K-/< v h ± 5 Si&girffft-f 5 r k 

T, 

ffiGft WKo p 9 * + y ic*3 It 5 mfESg 2 K->«y 

[w**3i a*«iia«ro4 £ ^^-f ! ^i-*iv> 
•c, 

[»**4] IMWlBtwWfri'-^Jl^K*^ 

•c, 

k LT&2 K-^vhtfffiKStk 
MEK«*©pfi* 5 y KS©ffittl«ft5Stl±±i t 
■CJR1 K-/-?vh*sffi8Sii5riS-1#»fc1-5^** 

[8**5] i^- 

■c, 

iStt»*©fiHM*fcttn8l*?yH®lc, *1 K— 
[fg**6] »**4 U— »f^Jw*5V> 

■c, 

HlKMWto pMty? K®o*-\r y 7®«ffi£K*Ht 
1 0 19 c m-HjTX'h 5 r t k 1" S ^— f 
[H**7] »*«4E«©iN»»u— IfX^fcia^ 

5 X l 0 1 7 c m-3£t±, 3 X 1 0 ^ c nr3#T 

x-hi> z k *Ml k 1 5 i/— 

lit ** 8 ] It** 1 * fc|±»*« 4 Ktt<D¥*ft u 

*y y <7~j*kw.§&, ^y y ^At^^fpA, sfc 
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[ft** 9] M*«1E«0**#I^— !f»*CJ8k» 

r, 

B«»J:»©!) y^±»i:«tllUtlttU 

111**10} »*aie*o*»#u-ii , # : w=*i 

[IS** l 1 1 m#m±i^ ni^yy K®, i£ 
tt®, SSI Kw<yF^f5pS?7 7 h'®4 P S* 
+ y 7® IS, 

t©±fc*S»»iiif+ifiK«Si-5»»fc«)*, * 1 K 

' [19**12] ¥##gig±|c, nl^y K®, S 
tt®, 111 K-/<vht#+5 P jB^9y K®i»l K 
w<y h <fc <5 tt»JE«©*# ftIS 2 K-^V h Sr*-f 

*SS*gffittj£^taSi-58S»ropS*-ry^««rStR 
ttlcW<»*U »T=-A4cJ:0pa*iry7®«>» 
2 K-/<^hSrpa^?yK®elt»**T, pS^7 
30 y K®t^ 1 K-/<y h©Stt®^<Dt£»S:{8itS-& 
T, jStt®O/<VK*ty^«r*«»rt»i:0t«*4 

[000 1] 

« [0002] 

©*fl:Sr»«ILr. Kffl*-CilEfllg[tt«ra*+5fc» 

*OtBS«S f 10*^ «jftt, IEEE J . Q u 
antum Electron., vol. 29, p 
p. 1874-1879, 1 9 9 3(cM*$nT^5„ 
[ 0 0 0 3 ] H 1 6 fctt*©**«£©f»flUS«:*-r. 
01 713131 6C0G-G' \Ztil1t>WiW?h 
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7*7rtg5© P a (JUT. p-tWm ±*7yKJB6* 
m*bnM (UT. n-km&) 9y > Kl2<--©pa 

7M« (Zn) «>«*»*t*i-H-e*>5. 

(0004] 016 iCtj^-C, n -G a A s Stg 1 JilC 
n — A 1 G a I nPT^5y K»2. 7 V 4 Y 

13, DQW (Double Quantum Wei 

1 ) fiH4® 4 , MQB (Mu 1 t i Quantum 
Barrier) 15. p-AlGal n¥ t.9 7 v Y 
■ 6*«*1-<3. -£©&> 3tfiWt»ffi»Vt©ftifiK« 
3f$l£&®*Blc, Zn0^h7'f^II*iRWW 
fiSU **iJ}W©*BI-I4S i NBI«:»*+a. N2# 
BSu 6 0 0"CT3l^[a)<0|»7=-/wSrtT?i, ZnO 
?5><b Z ntffSAffcttftU Sltlfl'<^ K*+ y7** s 

**-T5. ZnOl, SiNR*»*U Zn0^h7 
© y 5/ h 5-f n -G a A s ItWIiLl 8 "Cffi* 

[0 0 0 5] IsJKSff.:, Zntt»tJ:D>'<>'K*-ts'^# 
JStc LfctWE© U y ^±»fc« 5 4 5 CiftttiSJbl 8 «r 
JfM-T^o *©&> j£S!£ffiKp-Ga As =»y** 

H 9 «R«i:**^flllc««10. 11 

liZn£ffi^3„ 

[0006] m 1 7 ic^-t-j; o ic, *^s§rt95©ffitetH 

& 2 2 TI4, \) y V* \ U 7±B£mttnJbJIMaMK 
looo7] &£©*$# w-if **-ei±. Scft 6 7 0 

n mT-ftTCTtfflTJ 1 5 0 roWA^iX, 4 0 M 

ffifctaWflflMSil*. . 3 fell, 5 0X1, CW5 0mW<0 
HHtfj-C 1 5 0 0 h r *«*3flr««E#«#r*;rVO* 

I0008] mi 8 left &©!£>gft v-^m-n U -7 

* YU-nW&Ov-t.Uv K«6 8B*»&n-* 
7-yK|2^fflp-W (Zn) ©z8g#*£^-fo 
[00091 018 (a) CgJMEoaftftft*, B 1 
8 (b) icg&ffi&roigSfttfSr^l-. z 
nOtWZ ni»«flH*Jifclt-Cfc< , n-??y Kl©& 
+ *T**l-lt»t-CP6. w©Zn©i£ttl~©l£$C 

Tfc. «»rt^©IRr=-A'KflEV\ p-^75/K16 
0ZnjWgttJB4'K 4blCn-^5y Kl2«t>lC*"C 

[00 10] 

immfcLaoktzms] &*© 



[0 0 11] ft®&£ 

v Ym*><oz nm&mzmtz. *©z nitsm 

rt* n 7y Kit T'&Srf 5t, pn^ni?7 

io [0 0 12] #$89114, ±EMK*-Cfc«*iifc 

{£}E*fcl4SBtW©&7=-/M::4 i) 9fSW5St««Sr)g 

&©4g®ft3!flsffl7j u— fm+m'&Rvzommjjm 

ft, *JMI«!>*»*i'— IfKf^-eii, ¥&ftSi£±le, 

nS^7 7KI, Sttl. pI^?7KI, pl+ty 

}fSgi8B©'>fc< £ fc-#©«Btti£K*5tt5fiH4J§© 
20 /<v Kdf> y^^*S8lrtai©gttJi©/<V K<¥-r y7° 
4 *) ^«**«r* s *-«*«#«'— J* 9 . 
ft0i«© p S 9 7 y K* Ctt* 1 K-'< y h i * 1 K- 
/<y h «t o i^JK 2 K-^V h k t>m& 

L, «aWffittigro P I^7? KJIfcttKl K 

[0 0 13] Sfc, 9**^^14, « 

30 5 0 

[0 0 14] *SSW©*»ftU-f* : J-Ctt, * 

[0 0 15] tit. *«W©*3^«^^— f^^ftt, « 
|)S<0pI^7? Kl©*-r.y^fflf+jfitJ4±i: UT 
^2 K-^vh^EKSn, «««Opa^5y Kl© 
JStt««l«iSKt4ifcL-C«l K-^yh!»5ERS*i5 

[0 0 16] **W©JM>#i'— f^-cw. e 

[00171 $fc, !f*-fCtt, ft 

ffl^© pi^7? KS©*+ y TJIHtfiS&fcttSSJ 2 
K-/<Vh©»«*lX10l8cm-36ll±, 1X1 019 

[0 0 18] 4fc, *«^©**(*:u— ^SHF-Cli, P 
K*©jSttJiflMti£K*f«t«»l K-/<>- 1^© 
5 X 1 0 17 c m-3£i±. 3 X 1 0 18 c m" 3 KAT'C 

so [o o 1 9] y*^-ci±. m 
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y y ■>Ai:E§&, ^y y ^t?^^^, £fci4, 
[0020I *fc, y-'iTFT-ii, fS. 

[00 2 1] *fc. fUt^-Ctt, * 

[0 0 2 2] ifsu^wRa* 

tfeTlt. ¥«ft*lS±ir, nS???KI, fifttl, 

1 K-^v h«r#-fSpS*7y Kit pS*Y y^l 

£fc©*. fbl K-><y h <t 0 2 
W;j;9pl?7y K1KS52 K-^V h&ffit&L-C, 

[0 0 2 3] £C>|C, i'— 
gi K-^vhSr*i-5pS^9s' KSt^l K-^v 

/Hci") pSl^-V y71<0f?2 K-^>h^pffl^7-y 
[00 24] 

[*WOSttt©»«] Hl-Hl 5tt**W©~**» 

[0025] [» l <o%M<r>Wtffl *m<D% 1 <o*J6 

@SrHlir v £fc, |iroA-A' Brffi@«r0 2fc, 0 
lOB-B' SfEH^ia 3 Id, -ttvefi^U iii&tft 
H*»6***iSJ:5lw» H2J±y h7-< 

[0 0 2 6] SllCfe'l^T, n-GaAsSffilOOl 
£. n- (A10. 7GaO. 3) 0. 5InO. 5P 
% 1 ? y Kll 0 1 (J?S 2 dm, y Y 1 
X 1018cm" 3 , K-^hSi) . / > K-^fifi 
?#Fffittll0 2, p- (A 10. 7GaO. 3) 
0. SInO. 5PSU^7^ Kll 03 (H^O. 

2 pm. y-V&Sl. 5X101 8 cm -3 . K— 
hBe) , p-InO. 5GaO. SPiyfX^i 
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1104 (f?£50A, ^-^y+jftSl. 5X1018 C 
m" 3 , K-^VhBe) a»»**lfCV^. !> h 
7-Y7'105 (*S5. 0//m) 14, p- (A10. 7G 
aO. 3) 0. 5In0. 5 P4 v )t£%Wi2±.9 7 y K 
110 6 2,1m, *+y+«ai. 5X10 

18cm" 3 , K-^hBe) t, p-GaAs^^yT" 
110 7 (WSO. 3 M m, **!I-MME1. 5X10 
18cm" 3 . K-zO-hBe) ) £ glVtt' 5, 

[0 0 2 7] w^K, 7 V K-7*S*?#FiSteS 1 
0 2(4, 2lWInO. 5GaO. 5 P v^/l-l 
80A) ti<OfH<Oim<D (A10. 5GaO. 5) 
0. SInO. 5 P^y-^1 5 OA) tZtlbt 
>^ti (Al 0. 5Ga 0. 5) 0. 5 I nO. 5P^ 

Kl (Jf$3 00A) -ZmrfLZInX^t). 

[0028] Ttwitffiffiay^oftjaii, mm<D'<> 

s'^*s*S§SrtS5©fiH4lro/<V K=¥-v y7\fc 0 

[0 0 2 9] y Yy^-fX 0 5<D«!lEl4, n-G 

a A s tM±l 1 0 8 (J?5l. 2^m, 

* 1 X 1 0 18 c m" 3 , K-/<y J- S i ) -em»ii*ixr 

ig&Kn - G a A s ftftiajhl 1 0 8 tfftJSM^ 
5. LA»L, *fiSrt»oy y3>* h5>f 7±«fcl4m 
8f£S±l 1 0 %imti&ft.X^tt\\ 
[0 0 3 0] 'tib<» x ) v'SXVy'<-7 , ±.%kW&U± 
lCD±Si5^(ip-Ga As^y^ Ml 0 9 ()¥$3 
^m, y-1riSS2 X 1 018 cm -3 , K-^VhB 
e) iWnftditTV^. <C*5, !f* 
?-<O*lgSg(Dft§li6 0 0/iniT'*)5. Sfc, S«ffiJ« 
Si^glffl!j*®{CI4«<il 10,11 l&Bl$LZtlX 

[0 0 3 1] 

ifs^W#lt^tTSK^(fiJt, «ff«l 2 1 1, » 
&m® 1 2 2 t , ®SS# 1 2 1 t ICfcltS r ^-ct 

5. 

[0 0 3 2] ftoT, «WO«««12 1t#Ut 
ft, ¥$#<0#lfC&«$£^1-W£#4L-C, ««« 
ir*5ft5 n-flT?5yKil0 1W, «fll«IC»(t 
5**#F8Ht! l 0 2 W, Kffttl^^itS p -JK 1 ± 
Kll 0 3W, «fmjEt*Jlt5!> yS?^ 7* 
10 5W, «flWEt*Jtt«p-*2±^9y Kl 1 0 6 
W, &mmzmbp-* J r y7°f»X 0 7W. t»f-Sr 

ti'-rs. 

[0033] P«tC, 1 2 2 K#L-C 

14, ^flcro^llwStt^^^-TAiSrf+^LT, ffitt 
mmc&ltZ n 1 7 v Kl 1 0 1 A, SH4gii£ 
iCfeltSft^FSttl 1 0 2 A, fiHf@U&«SltS p 
-Il±^7 y Kl l 0 3 A, iSttfMEfcfctt* y y ^ 

* h7-f:/l 0 5A, jSH«R«jEIC»it4p-»2±^9 
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v KH06 A, ffittWifcfcita P 1 0 

7 A, kn&z.k\'-tz><, 

10 0 3 41 jgfflft 1 2 1 14, WKSfflJMMU'-tf* 
^roffiffitf i£<08Ji$<7) r t -Cfc U . 1 2 1 ©ffitt 

1 ( 1 0 2 W) O/^ K¥+ y^tt, SttSS« 1 2 2 O 
Sttl (10 2 A) ©^K*ty^?*t<i** 

[ 0 0 3 5 ] (SoT, fi*#Fffi&/l (ftttJI) 1 0 2 
14, &&«1 2 l©Ste! (10 2W) iSttSMEl 2 
2<7>®ttl (10 2 A) tS!««l2 10Stti (10 «o 
2W) fcfr&flWtSi'lS. 

(0036] £fc, SttSl 0 2fc»«rt-$iBlT*? 
y H10 1 <4, 12 1^1^7^1 (1 

0 1W) kffimmtl 2 2(0|glT*7J/ Kl (10 1 
A) fcftStfcl 2 i«9t|iT^7y Kg (10 1W) i: 

[0 0 3 7] jSttl 1 0 2 1 ±.9 

y v Kll 0 314, &«i«l 2 1 <D?fS 1 ±? 7 y K* 
(10 3W) kft&mi 22<D%\k9vv Kg (1 

0 3A) iMWl 2 1<7)^1±^72/ Kg (1 0 3 20 
W) bfrbm&ZiiZ. 

10 0 3 8] ^rlC, ffitt^l 2 2l4±t fC, mi 
T?'?yK| (10 1 A) tmm (10 2 A) fcJSl 
±?7?Ki (10 3A) fc, Rtf, !>y^h5'f^' 

1 0 5 irri»f>«fig$*i5i«£ LTfflV^ftS. 
[0 0 3 9] *fc, 2 U4itLt, !&1 

75- Ki (10 1W) k%&% (102W) 
75>Kg(10 3W) t, XIF, !J s> i** K :/ 1 0 
5 fc &*ritS;h,$*£i: L"CgV*6ii5. 01~03T? 
14, r. <D®gi« 1 2 1 ttJSttW* 1 2 2 affiflllcBRS 30 

[0040] H2K*+i5fc. *«jU2 1©J:»fc 
««*«r«5 <t 5 ic, •) t>fi<«»fcg l 0 

8^2^75- Kll 0 6 0±|CffM$HTV^, 
[004 1] 03 ic^-fj; 5 fc. aJBSrtttroffittfctf 
12 2-C14. y s/^* V9J-f±Ml 0 5 (10 6&tf 

107) £m$m±f§i*Btit&hx^t£\<\ 

[0 0 4 2] Sfc, 01~03lC*iPT, &®«<Op~ 
GaAs*fy7 , il0.7W|:tt > ffijt%&<D'b£^% « 
1 K-/^hBettt»!tS«)*#t^2 K-'OhZ 
ntaWSfcL, BeOJ8Sl4~l. SXlO^cm'l 
ZnOi8Sl4~5 X 1 O^cm-H'h*). (Zn<Di8 

m > (BeroiSS) ©6M*£*>9. 

1^2 K-a?vK<o»«) > (tt»£ft©>M<v*Si K 

[0 0 4 3] £fc, 01~@3JC*5^T, $!®*££tfl-© 
&JgS§Pl8B© p-^7yKil06 AU4, {£(&£&© 
+S^*lK-^h («*.!*. Be) 
§V>3S2 K-'<>h (fiSlxtf. Zn) tasjgfcU 1- so 



»«) > (Zn©&£) OMSK* 9, 

J^l K-^h©8«) > 1**2 

K-/<>K©»a) ttSHftK*>*. 

[0044] &ic, fflst ur, rft^FSttlj * 

rgttU * r*f#pjSttJB©js«flcfEj 

T, kw+S. 

[0 0 4 5] **W©«E«fi¥i**i'--0 , * : f 

T^5. JSttltfttftfFJSttg (£g©W*-0. 0 2 
„mWT (2 0 0AWT) ) ©*§£, SttgfcSfcStf 

WCtt. ±itT, *P#FJSttgiW8^e>it$. 
[0046] ft*#Fffttg J: 9 
ttl (**0. 0 2fimJ:'3 7<:) ©$£\ 5pffi«3<?©14 
ft£tt^l4/<vK¥*y:/tt;&fl2LftV'>. UJ»U 
l©jaj&££{fc£tf££/<>K* J i'y:/l4£ft;U #36 
WVftmkLX, /M^iSttgfrjflv^rfc.fc 

[004 7] #^#F«ttif4, j£*0. 0 2,imtn r 
©**#Fg£, **#F1 

(4W ; f *SftfPSr* LTE?iJ LTV >5*itS:^*ji t »f 
■tLT, ^FM^i (Witf. p-K-^VhBe, Z 
n, Mg¥) ^?L*0iitt*llt*Eai©*{b*fcJ: 
t), w<oftff*itroflE«*- rs^-#FSttS«0M^ 

ro^>K^^5'7'l4i«7<L. fKtWtf^^ns. /<v 
K*+ y ^**««Sr*fi««iBKEIli-5 - fc 

5. 

[0 04 8] ^/^&f41(-*JV>TfciS^i6 s ^ 

[004.9] 0Cfc, 1 ©3Wt©J»»tH+5 

ixSrlSW-rS. 04 (a) 14, n-GaAs$KHp 
-*+y7TlS-W>l8**U H4 (b) 14,. ZnO 

T?(DimSr^L, 04 (c) 14, Sg£#&tW£&eH£4r 
04 (d) 14, ]) y'JxYJ 

[0050] 04 (a) Idfc^T, n-GaAs|Sl 
0 0±{C. ^HfWf- (MB E) felCT, n- 

(A10. 7Ga0. 3) 0. 5In0. 5PfflT^ 
77HI101 (S-^'J^mi X 1 Ol8 cm -3, K- 
/OhSi) , (A10. 5GaO. 5) 0. 5In 
0. 5 Kit 2®<0 I n 0. 5Ga0. 5P^7^ 
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;UJ§ t -£©ffl© ll© (A 10. 5GaO. 5) 0. 5 
InO. 5P'<!J-t!£ (A10. 5GaO. 5) 0. 
5InO. 5P^ KJB-Cttriiino/VK-^Ift 
*#FSttll0 2, p- (A 10. 7GaO. 3) 
p. 5InO. 5P$1±775/ Kll 0 3 (*+y-V 
ftSl. 5Xl0l8 C m -3 , K-^l-Be) , p-I 
nO. 5GaO. 5Px y fy^±|10 4 + y 
•^8*1. 5X10l8 C m-3 % K-'^FBe) , p- 

(A10. 7GaO. 3) 0. 5InO. 5P|J2±? 
75/K1106 (#-vy-yi8Sl. 5X10l8 C m-3, to 

K-/^hBe) ip-GaAs^^il07 <M 
$0. 3/im. ^-rD-VSai. 5X10l 8 cm-3, K 
-^yf-Be) £j&g-t-3,, 

[005 1] 124 (b) £*3V>-C, ZnOxRfcp-* 
tJ'T'il 0 7*EiqK«U 7*MJy^77-f ty 
7 h^lCi."}, JHW6 0 0jimTfi£5 0/im©Zn 
Ox* h 7^7" 1 3 lSr^fiSU -e<0±(CS i 02*+ 
5^1 3 2Sr^-TS. 

[005 2] 04 (c) ICfc^T, 500 < CT?3^ra<O 

A-£rfrV\ Z nOxT. Vy47W\ 3 liET©* 20 
* #FSttl 102C, Sl±?7yK110 3&t?m 
2±^7"/K110 6ffl f- B e £i£gtLT, JS 

ttl©/<y K^-v y BP*.*** 1 2 1 

[0 0 5 3] K-/<>hBe (JJlM^M tffitt 
Ifcitfri-oCifcAD, jSttlO/^K^-rs^ttl 

©*£v>82 K-/Oh) IJK-^hBe ($1 K— 

/<> h) ©f§tti^©&&£{&ti-*{ft#£#t-o^ 30 

[0054] r©iacJ:9. JS&1102I4, «W* 

1 2 l©fiH41 (1 0 2W) t&teffifcl 2 2©fittl 
(10 2A) &£Mttl 2 l©iSttl (1 0 2W) fcft 
•5„ BUKC,. iStel 1 0 2 1 Jt* 7 v Kl 

1 0 314. IMl 2 1©Sl±^7'> Kl (10 3 
W) 'iflH4»*12 2©*lJb^5yKJl (10 3A) 
fc««fcl2 1©*l.h*?yHl (10 3W) fcft 
3. Httfc. fittl 1 0 2 KWfcf 3* lT^y Kl 
1 0 1 It. 12 1 ©8 1 7?K8 (10 1 « 
W) tgtt^&l 2 2©8lT?7y Kl (10 1 A) 
21(011^7? Kl (10 1W) htt 

5. 

[0 0 5 5] 114 (d) fc*JV*"C. ZnOx^h7-<7' 
131iSi02*t5'7'l 3 2£I£*U 7* by V 

[0056] Pr^ h 7V 7^ftlB&tf3g£«© y 
h7-<7\bgMw. n-GaAsHsSffiJbll0 8t 



l:p-GaAsn>?? H109 (H&3,im) £8 
3@B©MBEiSfe-CfiKfiSrm\ hi 

[0057] Sffi«^*«S«ffit-'i3 J; 5 fc. y y5> 
* h7-f7^tt2Lfcffiti?IS£m\ fttMtWBEfc 
8%©=-x^/i Sipftillc 9 5 %© => -r w 
V^SrfT?. rCT\ &£S§ftl46 0 0«nu ®«g$© 
ft$*i2 5;im-C , *>3„ 

[0 0 5 8] *»W©iN|l#^— f%^<T)vi-W&\ 1 

1 fc p -mm 1 1 2 ic, nEESrEnip u-c, snt®« 1 2 

2©y y^*h7>T7*rt$i*ftlC«i^3f£ttllcm 

i>mbite. iSfi6 5 5nm-C, ft*#ffi7J 2 5 0 mW 

fc, K^JES6 O'C. 5IiK5IS7 0mW©ffilti7JT?5 0 
0 0 h*6x3 fcftfc. 

[0059] ^^m^-^M^mmmmmm^ 

5 3mA-efo3©IC*ftT, *«W©^*W— 
©ISSH««JStt4 5mAlc:<6;«-e#fc. ftJfe© 
#>gft u— tf ^©JtffiTJ 5 0 mW©Hlf£ttffi# 2 . 5 
VICttLT. *3Befl©^#l^— f»^©»^«Ett 
2. 3V*TM6«-<?£fc. miSfcfi^fctEfS^I-i- 1 ?. 
**«©#»* * : f-Ci4tt*©*»f*:i'---lf* ; f 

a±©*m*-ciis«*tti*a*-e*fc. 

[0 0 6 0] 05 K, *|5W©8 1 ©*«s©^tSCB§1- 
oSaaJSa^Mfff »"~ WTO p-*t?^H0 7* 
Kll 0 l--©p (Zn, B 
e) ©»*»#**-*-. B5IC*3V>-C. ^$4(4p-^iK 
|(Zn,Be) ©SS, fi5tttt#l©ffi«*'^f. H 
5 (a) iCftftttl 2 1 ©«■■©•«»**. 0 5 

(b) CfiHttKtti 2 2©*1©»*»**SH-. 

[0 0 6 1] 05 (a) ©«#WtlC*$V*-C» Zn (f!2 
K-aV h) 14, p -G a A s *+ y/110 7W^ffi 

(5X 1 Ol8 cm -3) ^fjp-^^s'KllOeWtp'N 
btmftisU -lxi o"cm-3£i(Ti:4o-CV>5, 

[0 0 6 2] Be (^1 K-^yh) ft, p-G 

aAs^y7"|107W$i(l. 5X10l8c 
m"3) jj>f>, %2k0yvYm\ 0 6W, flips' 
Kl 1 0 3W, /V K-7*#SS^#Fffittl 1 0 2 
w, 8iT^7> Kll 0 lW^tRtf, «-llo:*3V^ 
-C. BejSSlil. 5X 1 0l8 C m- 3 ea-ei5IS'-^© 
*fMt4ott»5. i©Befe»tCj:!J. SSffi^l 

2 1 ©ffittl 1 0 2W©/<y K*+ s/7*Ji*:*$ 
3. 

[0 0 6 3] 05 (b) ©fiH*«Mtfc*iV*-C, Zn»±, 
VtkhiiVmStm*** -U- Be (4. p-GaAs* 
Y 5/7*11 0 7 A«ffi (~1. 5X10 18 cm" 3 ) )i> 
<b, g2B7y Kll 0 6 A, SglJt^y Kll 0 

3 A. *"Ct£K^L. / K-7^aft*#Ffitt! 
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1 02A, f 1K7'V h'M 1 0 1~J±, IJiA/^tttt 
LTWfc^wi: (~lxio 17 cm-3aTt*)5ri:) 

[0 0 6 4] HI 5 (a) . 05 (b) 0«*J»»6. 

hfflBe (IlK-^^l-) ip-K-/OhCZn 

TN4. p-K-'^hOBe (SlK-^Vl-) ri*p- 
K-/<yh<OZn (I2K-^H <£ *) flii«gK#£ 

U-C* 1 K-/<V hAS#Si- 5. 
[0065] 05 (a) , 05 (b) W^^b. 

l'— tfifi^rofSttfcfcro p -7 5 y Kl 
lei*, mi K-/<v K0»«jlsffffi«ilc#«El-5. * 

h Tista i: t*^?5E U/jiV> 0 
[0 0 6 6] ZnOfcSt^Stt, #Jx.tf, GaAs«pK 
*}V>T, 7 0 OtX'tt, 4 X 1 0" 14 c m -2 / s SST* 
fet), Be(Dfc»£&li, GaAs^|CfcV> 
T, 7 2 5t:T'li, 4X 1 0-l 6 cm-Vsgie-efc 
9, Zntf>&»£&l2, Be 2 ffiS** 

I^C-e*>5i#x.e)n5 (#W¥8-1 0256 7#-& 

*mft±iitf. **w©a i - i n - g a - p 

JRO^WfWil 0 7, 106, 103, 102, 10 
1, ©^-ifrtiPTfc, »2 K-^VhZn<Dtt»^ft 
I*, mi K-^yhBeWtttHHWOfc**^. * 
fc, CKOaUC&V^-C, Mg, Zn, B e ©ftfii^ftro* 
'hKflUl, Mg>Zn>BeT-*>3i:*i&£ix-5o 

[0 0 6 7] u~ Wf-tfeoorsiMfl 

5 0 0*C3^P H 1<DT^-/Wi:, <SMT=-->'WCJ^*f 5 
r.i*5t?#fc 0 riiti, *-ry7*S&E;l»?>i£tt!fc«:<o 
*£ftZntf5p-7?y KlfKttftU -tft^p-^ 
7 5/ K® V-sO h B e ©Sttl^ttKSrffiitl- 

[00 6 8] *m<n% i a$ttff>jg££Hl-&KSS& 
*sv*-C, p-?7? vmq>n h'~-s<y V (Be) oStt 
[00 6 9] 5<blC m&m®<D P -*7-y K1»K- 



*fLT, $ibic#)&tt)t?fc?>„ *«w<om i »*iS<o 
*5lt5p-K-'Oh©Zn«gfl\ p-*7s>KE© 

[0 0 7 0] #38W<£>m i <n%1&<DBmzM+Z 

S, p-?7> Kl<0*^y:7*lffi!ltti£©Zn 

1 X 1 Ol8cm-3^±, lX10l9cm-3^T 
ZngftiSU X l Ol8 cm - 3 J:t) fc/J^^i, 

p— 77 7 KS<£>B e ttft«rffiii1-$»*!S**3 < ft 

[00 7 1] ZnjSSii s l x 1 O 19 cm-3«t0 t 

o?ZnA5t£«!fC=3f-ry+Sr^1-5. -twfcfcic, u 

— !f*tJ*+5 P 7 7 KH©7 !/ !> 
it7C-r5<, ^ftroZn&iclip-^yy KJBtfc 
i:*>1-< ft *<Dfc*lcw-if)tro!aitZ 

[0 0 7 2] Sfc, p-77y KltOB e»ftH*f 
8tt*M6»U £o, 7 5l-*-t!>-V , »«l«rttKi-«fc 
felw, ilft, 1 ~ 3 X 1 0 18 c m-3sai-^$H5. 
let, **S'7'!ffl!lttj£tf>Zn«Stf5, ixioi8 c 
m-3K±KR]t+*ltf . Z njgSttB e »Ki H^WJ: 
Ojg&ICftStf)?, Znl)!p-^7y KlftWRt^ 
1-<ft>), p-?57 KS>F©Be©fiHtS^ 

(0fi£fc«r{£jSt, ***©JSttl©/<>' K¥-V 7 7**« 

[00 7 3] tfc, ^?-©p-^ 
7 y Kl©ettlftiEEK*J»t« B e 5 X 1 0 17 

cm-3£JLh, 3X 1 Ol8 C m-3^TT-fo5o Be»*^ 
-5X1 0l7 C m-3«t!J fc'h$<ft5t, 
SSttS^^B e WteSc*S'>ft < ft "3 , ««*OJ5Htl 
©/<VK*^y7*H*itt*a«<S«i-5. Be®£#3X 
1 0l8 cm -3j;i3fc7C#<ft5i:, fitt«*e*»»t*» 

[00 74] *«*«)±»K*S»t««ieHJt»Oft*l4 
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[00 7 5] *«M«)H*©»iiliH-*'5*BiB!S: 
U-fllFWWIli In, Ga, P < 

[00 7 6] [HI 2 ©HfeO^flg] #319] ©& 2 ©3iiS 

0*0611, *fc. H6©C-C Bfffi0Sr07J^ 0 
6 ©D-D' Srfi0£08fc:. *Jl«x*U rnSrSi 
H*»&*Sft«J:5C, 0 7l4y y V* Yy-i 

»rE0-C£> 0.08 tt#£$gf *&© !> y *J* V 7 -f 7" 

oft^*[sucsi:)i*(6)©»fffi0t?fc5. 

1 o o 7 7 ] m i ©sdio^iitB+swiBiiaw* 

fl*, *»W©*l2©jM^JI!MteHr«*iI1^W* 

e. &»£&©* £^382 K-/^M:Mg«Lfc 
5, w©«jt*t*BU-C. KB 

1-5. 

[0 0 7 8] 06IC*3^T, n-GaAs&«200± 
K, n- (AlO. 7GaO. 3) 0. 5 I n 0'. 5P 
IlT^7-yKi2 0 1 (ffS2^m, „ *-ry+»g 

1. OX10l8cm-3. K-^hSi) , /VY-Zf 
#M*#FSttl20 2, p- (AlO. 7Ga0. 
3) 0. 5InO. 5Pfl±^7yKi2 03 (J¥£ 

0. 2 jim, *-ry-V8£l. OX10 18 cm"3, K— 
z^hBe) , p-InO. 5GaO. 5Piyf^ 
($±12 0 4 (ff£5 0A, *ir!Hr*«i. 0X10 
18cm-3, K-^hBe) ifih*. yyifXhyJ-? 

2 0 5 (*I2. 5^m) lip- (AlO. 7GaO. 
3) 0. SInO. 5Pg2±*??KS2 0 6 0?£ 

1. 2/im, *^yiri8«l. 5X10l8 C m-3, K~ 
/^hBe) ip-GaAsJft3'7 r |20 7 (Jf$ 
0. 3*£m. *-ry-fjR£l. 5X10l 8 cm-3, K~ 

[0079] / > K-7"£i;i;?-#F?£<41 2 

0 214, 2l<0 I nO. 5GaO. SP^i (US 
8 OA) i:-t©F B 1©ll© (AlO. 5GaO. 5) 
0. 5 I nO. 5P^y-1rl 0?£5 0A) ktiihi 
mi (AlO. 5GaO. 5) 0. 5InO. 5P^ 
Kl (Jf$3 00A) -C«/a**fCV^*. 

[0080] *aut*asftt«:oftiS'ett. f£ttl©'< 

n^Kiotl^, y y** h7W^2 0 5©fflJE 
14. n-AlO. 5InO. 5P««PI±12 0 8 iM 
Si. 2^m, * + y+SSl X 1 Ol8cm-3, K— /< 

vhs i) -catoiisix-cioo. #amJ£E&tH:©tt 



ffi-Cli y y h 7-T 7*>±ttlC*«lflJtl 2 0 8 SrW 
U &«&rtlfl©y yi>* h7Vy±»KI4«W&±l 

**fiJfc!«>Jbttfctt. p-GaAs3^n@20 
9 (JM3«im. **]) J r&&2X 1 Ol8 C m-3. K~ 
/Oh Be) i»»dt4*lTV»5. fcfc, 
l^-if **©#iBSS©ft £ 14 6 0 0 n raX'h b, 
[0 0 8 1 ] *fc, £«ffi&B&jftjMraSiB£l±«& 

210, 21 i#)gj*$*vcv5. agBttifi© 
io fijttl/O K*Yy7^*£/.£^$£!gffi&2 2 l , & 

^222 t-rs, 

[0 08 2] *3gfE©|g i ©£J£©J&ffi»wB81-<5 SB® 
1 2 1, #8«fttte>&H£ 
l/<y K#+y7V>*3 l 22^ 

fcfcWIKlc, Sttl2 0 2, IlT?7y K120 1, 
8 1 7 y Kl 2 0 3 (fit, 2 2 1 fttfgtt* 

#2 2 2lC*fj£L-C, «F*i*W4SilS. 

[0 08 3] ffittl 2 0 214, &m®2 2 1 Ofittff 
20 (2 0 2W) iffitt«i$2 2 2©fiH£l (2 0 2 A) i 
&£|i&2 2 1©ffittl (2 0 2W) i SilS. 

[ 0 0 8 4 ] *fc, Sttl 2 0 2 KRSftS* 1 7 
yKl2 0 1!4, it«IJ£2 2 lroflT^y Kl (2 
0 1W) iffittM&2 2 2(D^lT^7y Kl (2 0 1 
A) fc«fi*2 2 10*lT^5y Kl (2 0 1W) t 

[0 0 8 5] Btt!2 0 2iCPW-*"6*l±*?2/KS 
2 0 3 14, ^tl^2 2 1 <T>% l±.?7-y Kl (203 
W) tS14HS2 2 2^1^75' Kl (2 0 3 A) 
30 £®8ii£2 2 KOfU-k^yy Kl (20 3W) kfrb 

[008 61 07 \Z.itirii 0 K, «ff«2 2 1 o±^i^ 

«««*s p <t ? i-, ««taiti 208 a«»ijis*fcv^ 
5. 081^1-4 51^, *«»rt»©}sttfi«t?i4, y 

y S?^ h 9 W T-igB IE maiaihl lifcjfc 3 ivC V V \, 
[0 0 8 7] *«wrom2ro*t6«^ffi^ia-f-5 
SE^^ft: l"— !f 0«J6*'ft SrH 9 L, C 
09 (a) 14, n-GaAsSSHp 
-^Yy7"l*-C*©Ig?r^L, 09 (b) 14, SiO 
ao 2TXy-ZKMtZ£X'<DJMZ*L, 09 (c) 14, 
8«j»lWStt«*«:»J*ia**U 09 (d) 14, 
y y^ 5 ^. K7-<^^-t5XS«r^1-0-Cfc5. 
[ 0 0 8 8 ] 0 9 ( a ) |C*5V X "C, n — G a A s SIS 2 
0 0±|C, ^*xtr^*J/- (MB E) telC-C, n- 
(AlO. 7GaO. 3) 0. 5InO. 5PllT^ 
7yKl201 (^-V-y+aSl X 1 Ol8 C m-3, K- 

h S i ) , (AlO. 5Ga0.5)0. 5In 
0. 5 Ptf'T K14 21© I n 0. 5GaO. 5 P ?x 
/Ht^r©Ffl©ll© (AlO. 5GaO. 5) 0. 5 
so InO. 5P/<y-^li (AlO. 5GaO. 5) 0. 
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sino. spw b-i3vmi&£hz;yb'-7£m& 

*#F?§tt®2 0 2> p- (A 10. 7GaO. 3) 
0. 5InO. 5P»li^7yKS20 3 (=Sf ^ U "V 
&Sl X 1 OlScm" 3 , K-^VhBe) , p-ln 
0. 5GaO. 5 Px- y 2 0 4 (^y-V 

g& 1 x l olScm" 3 , K-^VhBe) . p- (A! 

0. 7GaO. 3) 0. 5InO. 5Pf 2i^75-K 
S20 6 (*+y-ft8gl. 5X10l8 cm -3 x K— /■? 
VbBe) ip-GaAs^yT'120 7 (Jf^O. 
3nm, y+SSl. 5X 1018cm" 3 , K-/<> 

[0 0 8 9] 119 (b) IIJoV>T, Si02-v^^23 

i*p-*t^l2 o 73?bk£s«u 7*hyy^ 

77^iy7h>7(Ct9, ^$6 0 0 umX'%£5 6 
0 f»m(DS i027^^2 3 1 iMf&tZ. 

[0 0 9 0] 09 (c) |c4ot>-C, fcfc, #«l&JRfal8 
f£g; (MOCVD) (LPE) Jfcfc: 

t, S i 02-r7.^^lCg^lcSi6SOp-Ga A 

sW232 mZ2 M m. ^r-r !) +ffi«5 X 1 018 
cm" 3 , K-/*VhMg£fcttZn) 

[00 9 11 09 (d) lC*5(/>-C, 5 0 0*C-C'2. 5B$ 
m<07 =--/V"$rffV\ GaAstt»l2 3 2i£TI*Mg 
£&&U Z<nttmz£<0 p-9yy K12 0 3, 20 
6 <D K-/<V h B e <0§sFt #FfiH41 2 0 2 
{KILT. &t4Jf©/<vK*-ry BP*»S« 
&2 2 1 SrffM-f IUI$KG a A s teStS 2 3 2 <Dt£ 
^Uftltm&m®2 2 2i*§ 0 ft^K, GaAs&gf 

1, S i 02v.x?£|&£U 7tH/y^77-fti 
j/f-y^lCfciJ !J yv^ h7-f 7*20 5£flM1-S. 

[0 0 9 2] y y^* b7-<yoffi!|®S.u:^^(Dy v 
V*l7 4-7k%\^ n-AlO. 5InO. 5 PftgS 
ISJtl 208Sr^2|H]SroMBE j£T-S*ji^^^tT 
k\ *ilf>±Si5lCp-Ga As^^-^y M209 (J¥ 
c? 3 /i m) £|!30BOMBEi£-Cl£ft£m\ StRfltf 

[009 3] ^^itS«®lc/j:5 J: 5 y y * 

Ktt$ 8 %<0 a -r V ^ i: 9 5 %(0 3 -f A 

yfZfto* ~ZX\ #gglftl±6 0 0 Aim, &®*£© 
ft£tt2 0/imT'fc5<, 
[0094] <D*%fr V-VmWWfc 2 1 0 t 

2 1 1 d®£ SrEnan tr , grttflWJc 2 2 2 <0 !J y V s * h 

fcfc J: 9, *HHt»B*»e> u— !f»«***6Ji5. St 
f650n mT*ft7C3fcffi7J 3 0 0 mW*ftt»il, 

t, !*£?8fi8 5mWWii!tti73-C*5 0 0 0 hfcgxSiS 

[0095] u-if 



5 3mA-C*>e<0lCJttT. ♦Jffl©*!*!'- 
CD5SfiH<tS»±3 5mAlCg«-C#fc, 

U~ f Uf * <03ttU^I 5 0 mW(0®)ffflffii65 2 . 5 

2. 2V*-effitt?Sfc. 

[ o o 9 e ] 0 i o C*« W0>¥*fc i^-f^?» p - 

*t77'i2 0 7$Sfrf)n-?7y KS 2 0 1^(0 p. 
io (Mg, Be) 0>»S»tf**1\ 010 

(a) £S£ttg>8ft&«*. 010 (b) £SH£«* 

[009 7] «««KJ3V^T, *+5-7'iSiS*>5)Mg 
iip-^7? K«*fctt*t-CV»a. p-^75- 
K«0 B e fiffittSfc'ltX'i < , Kfi OJfit 

tttJWTfi. P - * 5 y K!©B e #&tt«igc©ffittS 

20 [00 98] #3S9j©m 2 ©Hife©^JUcB8-t-5*gB» 

(SI 2 K-/<V h) ip-^7y Kl© K-^>©B e 
(»1 MVM' #JRfttTViS. filttffl«cT-|±p- 
Kf©K-/<yKDBe*Sfffit5. F 

[009 9] 1^- if^-C^OiNt^ 

y-'^«t o tisa^>o®^B]<o7'=-/i'-e.«ffi«i4 J 

BrfLZMtott, #+y^l*iff*»6ttlB:JE««)**ft 
Mg#p-*9> KltKttftt. -eixiJSp-^yy K 
so Sf«f©K-^vhBe©fSttJi^<ot£»:$r<Eji'f*5J:5 

^\ m<o§ti^y Fairs' «ff 

[0 10 0] *|5W©^2©IIJgi©^8S»-Bi1"54SB^ 

?KItOK-/^F (Be) <7)SttS-rot£»Sr«l$iJ 

[0101] $ ^IC, filtt«l«Wp ? y KlO k— 
« h tttft*ftO/J> JiBe SrEg-f 5 r i J: D , 
«««^fiKB*«j»T--A/-eflftt®««5B etfSfirtt-Sfc 

[0102] *WR<»W, 1 &tff5 2 OHJgOJfJffilcM-t- 
5»B*SH*»#W'- IfX^-ett. p-GaAsti»l 
(ZnOx^ h^'CT'l 3 1, Si02*f?yi32 

enfc, «pick-^v h^Mg<o«-g-fcij, i«7[sa^ 

so Hli. Mgro^ZniH, p-^?f K^tfWBe 
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[0103] [S3 <n%faWM%m m l l tt*«W 
tf>S 3 egttaftttCH-*- 5 BESS!**** \y~f<r>% 

*mm<n®mvkz><, tfc, hi 21*01 i<de- 

e' ic^i-ipicu ;/>>7. h7-f7*<p*-cy vV* hy 

-f7"lc5p*T#fiW»rEH, Hi 3I4H1 lOF-F' K 
|S]0»rEig-C*)5. 

[0104] #3§W<DS 1 ~s 3 ©smcjgiBi-BB-rs 

l>S 2 K-^hKZn*WRtfc«"C 
*0, *2 0j|lt©»«-?li, Si K-'OhfcBe, 
»2K-^>H:MgS:l«{U/S-Cfc!), S3<oHJfi 
©»«-CI4, Si MyhfcZn. S2 K-^Ft 
Hi 1C*S^T, n-Ga 
AsSS3 0 0±l:> n- (A10. 7Ga0. 3) 
0. SInO. 5PSl7*77 K130 1 (J¥$2^ 
nu ^-vU-lriSSl. OX10 18 cnT 3 , K-/^hS 

i) s 2l©InO. 5Ga0. 5 P <7^A-S (J¥£ 8 
OA) i^ro^cDlico (A 10. 5Ga0. 5) 0. 
5InO. 5P/^y-Vl Of;* 5 0 A) t^5)Sr^tf 

(A 10. 5GaO- 5) 0. 5In0. 5 P#-f KS 

(J?$ 3 0 0 A) -C«?)££*V.5 / > K-7°#M*#P 
SH413 0 2, p- (A 10. 7Ga0. 3) 0. 51 
nO. 5 PilH7-y Kl3 0 3 (J¥$0. 2/im, 

1. 5X10l8 C m-3, K-^yhZ 
n) , p-InO. 5GaO. 5Piyfy^Mi3 
04 (ff£50A. , *-ry+»Sl. 5X10l 8 cm 
-3. K-/^hZn) SSfcS. U?^h7-('/3 0 5 

(♦12. 5//m) lip- (A10. 7Ga0. 3) 0. 
5InO. 5P|2i^75'Ki3 0 6 (J¥£l. 2 ti 
*+y-W6flU. 5X10l 8 cm-3, K-^VhZ 
n) ip-GaAs^Yy7*i3 0 7 (J?$0. 3 u 
m. ^-^JJ-ViSai. 5x1018cm" 3 , Y-'<y hM 
g) T-«fife$HTV>5„ TttbMJSS&^roMia-Ctt, 

^?/J;n^<'ioT^. y ;yi?7 h7^7*3 
0 5O{9]ffili, n-AlO. 5InO. 5 PSiSSH-lLJI 
20 8 (BE* 1 . 2 Mm. y "ViSS 1 X 1 0 W c m 
-3. K-'^hSi) -oaAiiSfiTis?), 3tffll«E 

3 0 8£*rU Jt«g§rtS5roy y** h7W7\L*|5Kli 
eftlfi^JBd^fiSSJiT^fcK ZtibwV vXx Yy 
^^±»i««HJtl©±«BKttp ~G a A s 
H309 fl¥$3tinu *t!)+$t2X10 18 cra 
-3. K-^VhZn) *»JB*S*lTV»*. fc*5, 
W^Sgfcl— • f^ro*«8IOgSli6 0 0/2 m-Cfc 
5. £«fl»ieJ:AftJlfl&EKi2«&3 i o. 
3 i ia«»rt**ro*5. »BftifiofSttl/< 



y K¥+ y^o*#4«««:lR««3 2 l . *{§3§rtg|S 

[0 1 0 5] 01 2l^t"i?lC, &ffl#3 2 1©±» 
J: St, tttl&JbJB3 0 8jW*j*3ftT 
v»5. Hi 3IC^1-J;9l-, *18»rt»OflHtfH«-e 

[0106)0141:. #s§^©s 3 <ommmm\m 

[0 10 7] Hi 4 (a) t*5^T, 

«iS*te**1-. n - G a A s g<£ 3 0 0 ±tC. #*S& 
Jg^ffifiKft (MOCVD) feirT, n- (Al 0. 7G 
aO. 3) 0. 5In0. 5 PS 1 T7 7 V h'S 3 0 1 
(*-f !)-Yiggl X l O^cm" 3 . K-^yhSi), 
(A 10. SGaO. 5) 0. 5InO. 5?X<< Y'M 
i2lfflln0. 5GaO. 5P^;HtW a 1©l 
20 f© (A 1 0. 5G a 0. 5) 0. 5 I n 0. 5P/<U 
-fit (A10. 5GaO. 5) 0. 5InO. 5P# 
4 Kl-e«fi2S*^5 y v K-7£S**#FJ£ttl 3 0 
2, p- (A10. 7Ga0. 3) 0. 5In0. 5P 
Sl±^75-Ki303 !» 1 . 5X10 1 
8 cm- 3. K— ^Vl-Zn) , p-InO. 5Ga 
0. 5P^y^>'y'ffjhl3 0 4 (*\>) J r&&l. 5 
xl0l8 C m-3, K-^VhZn), p-(A10. 7 
GaO. 3) 0. 5In0. 5 PS 2 ±? 7 7 KH 3 0 
6 (^-vy+iBSl. 5xl0l8 C m-3, F-'^hZ 
3o n) tiUS^p-Ga As^ty7*i30 7 (f$3ii 
m, ^^y+iSt$6 X 1 Ol8 C m-3, K-^VhMg) 

[0 10 8] Hi 4 (b) |C*3^T, Si02v^^3 
3 lSrp-^-t5/7°S3 0 7mm\Z-M%U 7*YVv 
^77^y7h*7i:i0, Jl|86 0 0iimt?fi$6 
OtxmtDS i02v^^3 3 l?rilfML, ^y^y^\Z 

[0 10 9] Hi 4 (c) Uti^-Cs 6.0 0t-C2^ 
40 <or=-;uS:ftv\ p-^-tyT'lrolfv^^OMg^r 
tt*U *©ta*fcJ:Dp-*7yKJI303. 306 
O F-/< V h Z n (O #FSttl 2 0 2 -(OttftSrffi 

3 2i^^-r5o mmzp-z^-yy'fanm^fttt 

7"li (5 i A/ if fcfls L /i (r ^ffitt^^ 3 2 2 t ft i> . 
[0 1 1 0] Hi 4 (d) iCfo-VT, S i 02-77.^ 3 
3 1£&£U p-*ty7-l3 0 7)HaSFLt, 7 
so ^hyy^57w , t3iy^y7*ICiDy7^7h7'l'7* 
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3 0 5 ZB&i'Zo 

i/* Y?4 7M:SB(^ n-AlO. 5InO. 5 P«Slt 
BltS 3 0 8Sr»2EIB<DMOCVDife-C«»ii**fi 
«rfifV\ ttl&±»l:p-GaAs3y?^H309 
(ffS 3 m m) ' 3 0 @ OMO C V Djfc-Cricft 4rff 

T% #&8fttt6 0 0jiin, «W©ftSI420Mm-C 

[0 112) *£H0$3 0&jto#IMwH1-SJBSft 
M^fru— f*^05«ffi3 1 0 t 3 1 1 t«ESrPP*D 

i«ttJ7lT\ 5 0 0 0 h £@*2>ii5{f fgftri^kftfc, 
IO 1 1 3] ft*©***!^— !f*f-©*«W«Klt* s 
5 3mA-e*>cfc<0|C*fLT, **W©tS3'©JBS®# 

*&4OmA-Cifc0, KSmtKtfil 3mAte^t5 

5 0mWWftf^tiLE*S2. SVlcStLT, #?BS)3©iK® 
tffl*»*U— J'«^0«fWEtt2. 3VC*>9, 
2. 3V*-(HS»t5rfc!S»-C#fc. ttfltte^ 

*»H©lHi«»P»*i'-- Wfttt, ft 

t«:i #-e# fc. B l 6 1, *m<D% 3 ©Hig© 

13 0 7 £EA»?> n-?5?Ki30 1^p -^fflta 
(Mg, Zn) Hi 5 (a) (Cjgfi 

*0>«S£*«\ Hi 5 (b) lcgtt«|«<OffiS^*«r 

rilfctfLT, JStttME"?!*, p-*t?^ 
■OM|OWtttt<4<. p-??yKl»Zn*S 

[0 114] «IW«»Kl|-C»iliB«>MAft^J:9 

[0 115JRL, *j«S©*IB-Cli. InGaAlP 
JMTOlCOHTiS^fcjU. tftCUf-CA IGaAsiW 
IW§£fcfcR«0>0MWM»e>ft5. 



(11) 

[0 1161 

*fc.fcfttf. *»#S«±lc. nffl*9yKBk iStt 
Sff*3§B©ffittJl©'<v K^-t s'T'.fc 9 

*©pll^9j/ KJPKttJRl K-/<Vh* 5 S52 MX 

[0 117] fflor, jg|(*#J**K. &&£&©*# 
v^pSK-^vh (S2K-^h) #&»:£»©*$ 
VNp®K-^vh «l M^H ©&ft£ffii§LT 

*«-e pS K-'< V h*jStt»lc*t»+'5 w £ * 8ft. 
[0 118] Sfc, MK-ffcift 

p &K-'<vh (|2K-^H *tt*je»o^*v^ 
piM>-h (»i h'-^yb) ©fctfc$r{£ii1-s© 
i?, jt»«fia*fctt«i»iBoT=-A/-c0fa«>istii« 

r. t KiSftfWitotfftflMtE©* 
[0 1 19] *fc, 

tf. ««*K^*iBSSrt»«) P 5 y KlKttJB 1 
[0 12 0] SfoT, 8Ht««lcttifc3eBc«»J^*K- 

[0l2l]*fc. *38W<0*»»U— W^fcJ:^ 

KJiwStt®fflJf+i6tli±i ur»l K-/<v h^BR 
[0 12 2] ftoT, Jft«|lg5»*l»©ftT=-A'-C, t£ 

60 ®j^mj!ERO ! ft^mE©ii^$rK±-C#5„ ^©^s. 
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[0123] tit, ^mo^m^— f**K.xti 

tf. %&®i$<oi£m*ti\tii$>* J -y Kite, SfU K 

[0 12 4] lot, ^^ffM^FCOiSiT^-^-C, » 
tt^«-C<Dm 1 K-'<V KOffittlSfclinffi* 7 y K 

[0 12 5] £fc, *&$w¥£ftu-iFift^KJ:ix 

, &H$<7) pl^7^ KS<Odf-r f ^lffl!l#5fi^*5(t 
•5S52 K-^>h©igSi6 3 l x 1 OlScm" 3 ^ IX 
1 0 19 c m-3WTT-*)51Sfi£t LTV>5. 

[0 12 6] jJot> %2 \-'-;<V h<0&$.Zffife<Ol6i 

[0127] ttz, ^mo^mt^—f^i-titi 

IS, pM^y y K^wffittHHMjSlclottsmi K-'< 
>hWi8S^5X 1 0l7 cm -3W±. 3X10l8cm-3 

[0 12 8] ffiot, mi M> HWiS^SrBFf^WgE 
[0129] Sfc, xmn**^— fM*£i:ti 

[0 13 0] tot, %\ Y-'^yYk%2 

[0 13 1] *tz, *%Wo*m#i'—fM : f-££ix 

if, &<m.±.n<»y yisi&^nm&kMz^^. 

[0 13 2] {£ot, ««pl^7 5' KS^O*SS 

y — ^icks ^f*: if <D®&m{t&mix' t , 

[0 13 3] Ztc, *|6^<0^*^u— if^fCiH 
[0 13 4] SEoT, *£&<D«l&##<7?iIiRc0i|ItfS* 

#<<ct>. mm<r>#m&%$:&im#y-' 
[0 13 5] Ztt, *mom#\s—f% : f-o$i&* 

1, Ml K-^Vhfclf-fSpS^yKlipSi*-*' 
-fSSHfrlcco^ mi K-/^hi'3t>fi£»^&w^:# 



(12) 
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[0 1 3 6] fflot. ilittlTJ-Ciiiftiattro^igftU'— 

[0137] $ <btc, *l§^ro^<*l— I^^^WKit 
^felcini^ ¥£#S«±I^ nI^7?KI. ffitt 
io 1, m 1 K-^V h ZG-f * pI^77Klt!l K— 
v^hit) tteffic£&ro;*:£&m2 K-^yh Srtt5 

--MZS:*) x>$L* J ry7'm<r>%2 K-^yh&pS!* 
7 y KJf KteftStf-C, pI^ 7 y KJ§ftf>m 1 K-'< 

[0 13 8] got, &8t£&<0*t/<eSS2 K-'<fh 
[HSWfBiWiliiK] 

[0 1 ] *mw<»% i w^isroffmicgi-r 5 

[0 2] *^<D01(OA-A' KfBEl-Cfe >9 , yyv 5 

[11 3] *^<O01(OB-B' Bf®Ht?fcl9, *S§I 
30 EH-Cfoi, 

[H4] *nwcomi^te<o^«i^gi-r5^*w— 
a s £«a>fb p •y7°i§iX'<oxn : &m-rm, 

(b) liZn0x^l>7^7 , »W>9Si02Hy 

■fzmfcrztX'nTMZjF-fm, (c) i±&gw&&u : 
ffitt^^ff^xs^^-rn. ( d ) « y y \- 7* 

[H5] *mw<D%i<n£mmm\zm-r : t>¥&fci'- 

■f^np-^^yy^l 0 7»t>n-^7'; KS 
40 lOl^pIW (Zn, Be) £^H" 
E1T-*j ►) , ( a ) fi&SM£ 1 2 1 <D&m<D&£.7> : fi&* 
tmx-h *), ( b ) i±Stt^« 1 2 2 o#JI<oi8g#* 

[@6] *^Wom2<D^JS«Dff^lcM1-5^^^- 

[07] *^w<oii6(oc-c' mm®x-h*). 9?* 

[08] *fi(0@6©D-D' BfffiUffo^, 

50 ^^gpoi; h7^ycDft#^i6]irSii:4*i6]»»f 
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[09] *%w<o%2n%mnffM\m-rz>*&&i'- 

***©Kja#fcfcBM-3B"?*>0. (a) lin-Ga 

A s mWLfrb p y 771* -e©is«:*H-0, 

(b) liZ nOx^. h7^yw^fi£^bS 102^-7 
r«r»riti-5*"C©XS«r*-MB. (c) li&tRtt&tf 
ffitt«K«r»dtl6**?-B, (d) »i !> y h 5V 

— !f*-T-©p-*-ty7'S2 0 7*ffirt»&n-y-? y K 
J§2 0 l^©p§HRf*l* (Mg, Be) ©ftff&ti&fl* 
9 . ( a ) itmmm 2 2 l ©£S©i8£7>*£ 
TF-tmx-h 0 . ( b ) 2 2 2 ©&!©©£# 

[Ell] *«W©*3©*IS©»«[fcHi-5 J l i »fr^ 

-***©iWUB-e*>5. 

[®i 2] *^w©H6©c-c »b0t?**), y y 

ff&#A©KBB-e*>S. 

[si 3] #jgw©06©D-D' Brass? h v , 

83**815©!; y** ^©A**lfilU:SiI**lSl© 

[114] *$W©»3©faft©#»cH1-5 i MM*i' 
— y*^©»a*felwH1-5H-C*>0» (a) ttn-G 
a A s WRfr <b p - * -V y 7*1 * T?©lSSr^E, 
(b) fiZnOx* hyW7 , ©7&fo&»'bS i 02*-ry 

•fmtft+zti-eoTmmt®. (c> i±*««a» 

AHM(*«r»»a3»**i-H, ( d ) li !> y h 7^ 

[Hi 5] *H^©B3©*Jg©^ffilcM1-5*»^W 
-if^©p-#-Vy7*l3 0 7«ffi^P>n-^?y K 
I3 0 1^pi» (Mg, Zn) ©gg##£;p 

•Ha-e* o , ( a ) iiMW 3 2 i ©&Ji©!8g##£ 

^-ffl-efo9, (b) I*&tt1i*£3 2 2©#!©flS£l# 
#4r*1-0T?*>S. 

[ii6] «*«©¥*#; i'-- fmws-mm-ehZo 

[(HI 7] $6*0tJ©01 6©G-G' fc*5rt5Wrffi0T? 

urn 8] a*«©ii«»*w— !f*-f©y ys>* h?* 

7*7rtgR©p-±^y y KH6«B«>n-^7? K12 

^© P a^«* (Zn) ©*s#**sW-H-e*>0, 

( a ) ttftfltt© Z n ©»*^*«r*+H-e*> 9 , 

(b) r±iStt««©zn©«fl[»**r*-*-B-e«)6. 
t«F*©RW 



30 



1 00, 2 00, 3 0 
10 1, 20 1, 30 
1 0 1 A, 20 1 A, 
If IT* 7 * KS 
1 0 1W, 2 0 1W, 

17^77 KJf 

1 0 2, 2 0 2, 3 0 
1) 

1 0 2 A, 2 0 2 A, 

#mm 

1 0 2W, 2 0 2W, 

103, 203, 30 
1 0 3 A, 2 0 3 A, 

1 0 3W, 2 0 3W, 

1 0 4, 2 0 4, 3 0 
1 0 5, 2 0 5, 3 0 
1 0 5 A, 2 0 5 A, 

1 0 5W, 2 0 5W, 

1 0 6, 2 0 6, 3 0 
1 0 6 A, 2 0 6 A, 
J&2 ±* 5 jxKS 
1 0 6W, 2 0 6W, 

1 0 7, 2 0 7, 3 0 
1 0 7 A, 2 0 7 A, 

1 0 7W, 2 0 7W, 

1 0 8, 2 0 8, 3 0 

1 0 9, 2 0 9, 3 0 

110, 2 10, 3 1 

111, 2 11, 3 1 

12 1, 2 2 1, 3 2 
1 2 2, 2 2 2, 3 2 

13 1 

1 3 2 

2 3 1, 3 3 1 
2 3 2 
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0 n-GaAsSS 

1 n-*lT*5yKJ| 
30 1 A fiH4««fc*5tt5n- 

3 0 1W »««|£*5lt5n-» 

2 m*#Fmm «stt 

3 0 2A |gttMEfc*srt&ft¥ 

3 0 2W Sffi«fc:fcltSft^# 

3 p-|U^77Kl 

3 0 3 A gtt««fc*5lt5p- 

3 0 3W *««IC*5ft5p-K 

4 p-^y^V^ffJkl 

3 0 5A i£tt«ttfc*3lt5yy 

3 0 5W S«ttfc*5tt5!/y^ 

6 p-f2±^7yKi 

3 0 6A Stt«#fc*5tt5p- 

3 0 6W 38«#fc*5#5p-* 



7 

3 0 7 A 

3 0 7W 

8 
9 
0 
1 
1 
2 



ett««fc*$it5p- 



p-HS 
««« 

zno^ h^-ry 

S \ 

S i 02v^^ 
ttflMI 
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[Ell 1] 




305 ! 321 



[SI 2] 




30ZA 306A 
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[018] 



mm 

(cm" 3 ) * 




« I I I I 



•cb) 



